In this study, we carried out successive cleavage of three type ether linkages of lignin through the reverse pathway of lignin biosynthetic mechanism. The first step is cleavage of benzyl aryl ether and conversion to lignophenol through the phase-separation system. The second step is cleavage of C-beta aryl ether linkages by switching functions of lignophenol utilized neighboring group participation reaction under the mild alkaline condition. The third step is demethylation of the aromatic methoxyl groups and conversion to monophenols by Lewis acid treatment. Conversions to monophenols of depolymerized lignophenol were carried out using boron trifluoride. The guaiacol and p-cresol were recovered from depolymerized lignophenol quantitatively Trough these cleavage of ether linkages and conversion to monophenols of lignin, we carried out activation and depolymerization of lignin for chemical feedstocks.
INTRODUCTION
Recently attention has been turned to the utilization of plant biomaterials in the place of petroleum for chemical feedstocks. The chemical feedstocks are distributed in two major categories contained aliphatic and aromatic compounds. The aliphatic compounds of plant biomaterials have already been partially commercialized. For example, polylactic acid as a biodegradable plastic from corn or sugarcane molasses and surfactant from soybean oil or palm oil has already been produce in large volume.
On the other hands, the aromatic compounds as petroleum substitute from plant biomaterials are hardly produced.
Lignin represents the most abundant aromatic compound on the earth's surface, accounting for about 25-30% of plant biomass. Lignin exists in plant cell walls as one of the major constituents. Lignin are phenolic heteropolymers that result from the oxidative coupling of the three p-hydroxycinnamyl alcohols (monolignols), p-coumaryl, coniferyl, and sinapyl alcohols, in a reaction mediated by peroxidase.
However, in contrast to the importance and potential of lignin in nature, lignin-based products have scarcely been in human life, because of complicated structure. Although lignin is the most abundant natural phenolic polymer, its phenol activity is extremely low. Native lignin have only 0.1 to 0.2 mol/C 9 of phenolic hydroxyl groups. 1,2 Because most phenolic hydroxyl groups of lignin precursors are etherified during biosynthetic process. 3, 4 In other words, lignin has many latent phenolic hydroxyl groups. In our previous works, we carried out successive cleavage of these ether linkages of lignin through the reverse pathway of lignin biosynthetic mechanism 5 . The first step is cleavage of benzyl aryl ether through the phase-separation system composed of phenols and concentrated acid. In this system native lignin was modified by phenol derivatives to selectively grafted benzyl position, to give 1,1-bis(aryl) propane type lignin-based polymer (lignophenol). [6] [7] [8] [9] The second step is cleavage of Cβ aryl ether linkages by switching functions of lignophenol under the mild alkaline condition. 9 The third step is demethylation of the aromatic methoxyl groups by boron tribromide treatment. 5 Through these process, high phenolic lignin dimmer derived from native lignin.
In the present work, conversions to monophenols of depolymerized lignophenol were carried out using other type Lewis acid treatment. The monomeration of depolymerized lignophenol was used Phenyl Nucleus-Exchange method (NE-method). [10] [11] [12] The important characteristic of NE-method is to dealkylate diphenylmethane type structural units involving lignin phenyl nuclei following the formation of such structures by phenolation in the presence of Lewis acid and excess phenols. The NE-method consists of following three reaction steps, 1) formation of diphenylmethane structures involving lignin phenyl nuclei by phenolation, 2) exchange of the phenyl nuclei of lignin for phenols, 3) demethylation of methoxyl groups (Fig.1 ).
Monomer products from lignin by NE-methods are guaiacol and catechol in softwood lignin, and pyrogallol, pyrogallol-1-methyl ether and pyrogallol-1,3-dimethyl ether in hardwood lignin.
Because base structure of lignophenol is 1,1-bis(aryl) propane structure, monomer products from p-cresol type softwood lignophenol by NE-methods are guaiacol, catechol and p-cresol. Thus induced p-cresol to lignocresol is able to recover.
In this study, we studied monophenols recovery from alkaline depolymerized softwood lignophenol having many guaiacyl aryl coumaran structure remained diphenylmethane structure by NE-methods.
EXPERIMENTAL 2.1 Preparation of lignocresol through the phase-separation system
For solvation of lignin with phenol derivatives, 3 mol/C9 (phenyl propane unit of lignin) of p-cresol dissolved in acetone was added to defatted spruce wood meal and acetone was evaporated with stirring. Sulfuric acid (72%, 10 ml/g wood) was added to the mixture and the vigorous stirring was continued at 30℃ for 60 min. The reaction mixture was rapidly poured to excess distilled water. The insoluble fraction was collected by centrifugation, washed with distilled water until neutral and lyophilized. The dried insoluble fraction was extracted with acetone. The acetone solution was concentrated under reduced pressure and added dropwise to an excess amount of diethyl ether with stirring. The precipitated lignin derivative (lignocresol) was collected by centrifugation. Yields of lignocresol from spruce were 27.5% of wood. 2.2 Separation of low molecular weight fraction from spruce lignocresol 2nd derivatives.
The dissolved lignocresol in 1.0 N NaOH solution was heating at 170℃ for 1.0 hr. After cooling, reaction mixture was acidified by the 1.0 N HCl. The precipitant was washed by de-ionized water and then dried. The molecular weight distribution of 2nd derivatives from this lignocresol analyzed with size exclusion chromatography (SEC). (SEC condition) Column; Shodex GPC KF-801,802,803,804, Eluent; Tetrahydrofuran (THF), Flow rate; 1.0 ml/min, Temp.; 40℃ , Detect; 280nm, Standard: polystyrene standard Second derivatives of lignocresol was fractionated by preparative SEC on Shimadzu LC-8A recycle preparative system equipped with Shimadzu SPD-10AUV/VIS detector. Shodex GPC KF-5002.5 (50 mm ID x 300 mm) was connected and THF was used as an eluent (flow rate; 10 ml/min).
2.3
Nucleus-Exchange trearment of 2nd derivatives from spruce lignocresol and guaiacyl aryl coumaran.
Boron trifluoride was use as Lewis acid for NE-reaction. The NE-reaction reagent is mixture of phenol, boron trifluoride-phenol complex (boron trifluoride content: 30%) and xylene. Xylene was used as an inert reaction medium. Spruce lignocresol 2nd derivatives or the low molecular weight fraction (5.6mg) places in an autoclave was treated with the NE-reaction reagent (0.2ml) in an oil bath 110℃ for 4hr. The reaction mixture was carefully transferred into a beaker with ethyl ether, to which a known amount of the internal standard (4,4'-biphenol) was added. The mixture was in a separatory funnel were shaken vigorously with sodium chloride-saturated water to deactivate the residual boron trifluoride. The resulting ethyl ether solution was dried with anhydrous sodium sulfate and the solvent was evaporated. After the evaporated sample was dissolved with methanol, the reaction mixture was analyzed by LC/MS. <LC/MS condition> MS mode: APCI negative, Column: Imtakt Cadenza CD-C18, 4.6mm ID x 250mm, Eluent: 40%-55%/40min methanol, 0.3ml/min, Column temp: 40℃ 3. RESULTS AND DISCUSSION 3.1 Separation of low molecular weight fraction from spruce lignocresol 2nd derivatives.
In the phase-separation system, native lignin was modified by selectively grafting p-cresol to benzyl position to give lignocresol composed mainly of 1,1-bis(aryl)propane-type units.
Spruce lignocresol was depolymerizated under alkaline treatment, and indicated major peak at 37min (about Mw=300) by SEC analysis (Fig.2) . This peak was fractionated by preparative SEC. As a results of LC/MS analysis of this peak, the main compound (Mw=285) were detected from spruce lignocresol 2nd derivatives. The structure of Mw=285 compound was determined by 1 H-NMR and 13 C-NMR. This compound was guaiacyl aryl coumaran ( Fig.3) . 5 It was suggested that these aryl coumarans were formed by neighboring group participation reaction: the phenoxyide ion grafted phenols readily attacked the electron deficient β position nucleophilically, resulting in the cleavage of β -aryl ether linkage.
3.2
The NE reaction involves selective and quantitative cleavage of alkyl-aryl carbon-carbon linkage in diphenylmethane type structural unit. This reaction is a combination of alkylation and dealkylation reaction in the presence of boron trifluoride and excess phenol, releasing quantitatively the non-condensed and diphenylmethane type units in lignocresol and lignocresol 2nd derivative as monophenols. As shown Fig.4, catechol, guaiacol, p-cresol and o-cresol were detected with LC/MS analysis of NE reaction mixture from lignocresol 2nd derivative and guaiacyl aryl coumaran (low molecular fraction from spruce lignocresol 2nd derivatives).
As shown Table 1, These successive conversions of lignin are similar to decomposition mechanism of lignin in ecosystem. The decomposed lignin has several functions. Therefore the decomposed compounds from lignophenol also have high potentiality of aromatic compounds. 5. References analysis, thus induced p-cresol to spruce lignocresol was recovered quantitatively. Furthermore yield of guaiacol is high, main phenol nucleus of softwood native lignin was released quantitatively.
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